Case 1 :09-cv-02256-RBW Document 1 Filed 1 1/27/09 Page 1 of 18 



IN THE UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 



CEPHALON FRANCE 
20 rue Charles Martigny 
Maisons-Alfort, France 94700 

Plaintiff, 



HON. DAVID J. KAPPOS, 
Under Secretary of Commerce for 
Intellectual Property and Director of the 
United States Patent and Trademark Office, 
Office of General Counsel, United States 
Patent and Trademark Office, P.O. Box 
15667, Arlington, VA 22215 
Madison Building East, Run 10B20, 600 
Dulany Street, Alexandria, VA 22314 

Defendant. 



FILED 

NOV 2 7 2009 

Clerk, U.S. District ane 
Bankruptcy Courts 



Civil Action No. 



Case: l:09-cv-02256 
Assigned To : Walton, Reggie B. 
Assign. Date: 11/27/2009 
Description: General Civil 



Plaintiff Cephalon France, for its complaint against the Honorable David J. Kappos, 
states as follows: 



NATURE OF THE ACTION 

1. This is an action by the assignee of United States Patent No. 7,541,493 ("the '493 
patent") seeking judgment, pursuant to 35 U.S.C. § 154(b)(4)(A), that the patent term adjustment 
for the '493 patent be changed from 422 days to at least 576 days. 



2. This action arises under 35 U.S.C. § 154 and the Administrative Procedure Act, 5 
* U.S.C. §§ 701-706. 
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THE PARTIES 

3. Plaintiff, Cephalon France is a corporation, organized, existing and doing 
business under and by virtue of the laws of France, with its office and principal place of business 

r 

located at 20 rue Charles Martigny, Maisons-Alfort, France 94700. 

4. Defendant David J. Kappos is the Under Secretary of Commerce for Intellectual 
Property and Director of the United States Patent & Trademark Office ("PTO"), acting in his 
official capacity. The Director is the head of the PTO and is responsible for superintending or 
performing all duties required by law with respect to the granting and issuing of patents, and is 
designated by statute as the official responsible for determining the period of patent term 
adjustment under 35 U.S.C. § 154. > 

JURISDICTION AND VENUE 

5. This Court has jurisdiction over the subject matter of this action and is authorized 
to issue the relief sought pursuant to 28 U.S.C §§ 1331, 1338(a) and 1361, 35 U.S.C § 
154(b)(4)(A) and 5 U.S.C §§ 701-706. 

6. Venue is proper in this district by virtue of 35 U.S.C § 1 54(b)(4)(A). 

7. This Complaint is being timely filed in accordance with 35 U.S.C § 154(b)(4)(A). 

BACKGROUND 

8. Plaintiff Cephalon France is the assignee of all right, title and interest in the '493 
patent, as evidenced by records on deposit with the PTO, and is the real party in interest in this 
case. 
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9. Sebastien Rose is the inventor of the patent application serial number 10/557,072 
("the '072 application"). 

10. The '072 application was the National Stage of PCT/IB2004/001409, filed on 
May 5, 2004, had a § 371 commencement date of November 16, 2005, a § 371 (c)(1), (2), (4) 
date of April 18, 2006, and issued as the '493 patent on June 2, 2009, indicating a patent term 
adjustment of 422 days. The '493 patent is attached hereto as Exhibit A. 

.11. 35 U.S.C. § 154(b) requires that patent terms be adjusted to compensate for 
failures of the PTO to take certain actions on patent applications within designated time limits. 
Specifically, 35 U.S.C. § 154(b)(3)(D) states that <4 [t]he Director shall proceed to grant the patent 
after completion of the Director's determination of a patent term adjustment under the 
procedures established under this subsection, notwithstanding any appeal taken by the applicant 
of such determination." 

12. In calculating the patent term adjustment, the Director must take into account 
PTO delays under 35 U.S.C. § 154(b)(1), any overlapping periods in the PTO delays under 35 
U.S.C. § 154(b)(2)(A), and any applicant delays under 35 U.S.C. § 154(b)(2)(C). 

13. Under 35 U.S.C. § 154(b)(4)(A), "[a]n applicant dissatisfied with a determination 
made by the Director under paragraph (3) shall have remedy by a civil action against the Director 
filed in the United States District Court for the District of Columbia within 180 days after the 
grant of the patent. Chapter 7 of title 5 shall apply to such action." 



3 
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CLAIM FOR RELIEF 

14. The allegations of paragraphs 1-13 are incorporated in this claim for relief as if 
fully set forth herein. 

1 5. The currently challenged patent term adjustment of the '493 patent, as determined 
by the Defendant under 35 U.S.C. § 154(b), and listed on the face of the '493 patent, is 422 days. 
(See Exhibit A at 1). This determination of the 422-day patent term adjustment is in error. 
Pursuant to 35 U.S.C. § 154(b)(1)(B), the PTO failed to issue the '493 patent within 3 years of its 

s 

actual filing date in the United States. Therefore, the correct patent term adjustment for the '493 
patent is at least 576 days. 

16. Under 35 U.S.C. § 154(b)(1)(A), Plaintiff is entitled to an adjustment of the term 
of the '493 patent of 422 days, the number of days attributable to PTO examination delay ("A 
Delay"). The A Delay consists of the following: (1) A period of 378 days pursuant to 35 U.S.C. 
§ 154(b)(l)(A)(i) due to the PTO's failure to mail an action under 35 U.S.C. § 132 not later than 
14 months from the date on which an international application fulfilled the requirements of 
section 35 U.S.C. § 371; this period consists of the length of time from June 19, 2007 (the day 
after the date that is 14 months after the 371(c)(1), (2), (4) date of the '072 application) to June 
30, 2008 (the mailing date of the First Office Action); and (2) A period of 44 days pursuant to 35 
U.S.C. § 154(b)(l)(A)(ii) due to the PTO's failure to respond to a reply within 4 months after the 
date on which a reply was filed; this period consists of the length of time from December 16, 
2008 (the day after the date that is 4 months after a reply was filed on August 15, 2008) to 
January 28, 2009 (the mailing date of the Notice of Allowance). 

4 
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^ 17. Under 35 U.S.C. § 154(b)(1)(B), Plaintiff is entitled to an additional adjustment of 

the term of the '493 patent of 198 days due to the PTO's failure to issue a patent within 3 years 
after the actual filing date of the application in the United States ("B Delay"). The actual filing 
date in the United States of an international application is the date on which the national stage 
commenced under 35 U.S.C. § 371(b) or (f) (37 C.F.R. § 1.703(b)). The B Delay consists of the 
length of time from November 17, 2008 (the day after the date that is 3 years after the national 
stage commenced) to June 2, 2009 (the issue date of the '493 patent). 

18. Section 35 U.S.C. § 154(b)(2)(A) states that "to the extent . . . periods of delay 
attributable to grounds specified in paragraph [154(b)(1)] overlap, the period of any adjustment 
granted under this subsection shall not exceed the actual number of days the issuance of the 
patent was delayed." For the '493 patent, 44 days of the A Delay overlaps with the B Delay 
period; this period consists of the length of time from December 16, 2008 to January 28, 2009. 
Therefore, the 44 day period of overlap is excluded for the patent term adjustment. 

19. Thus, the total period of PTO delay is 576 days, which is the sum of the period of 
A Delay (422 days) and the period of B Delay (198 days) minus the period of overlap (44 days). 

20. Under 35 U.S.C. § 154(b)(2)(C), the total period of PTO delay is reduced by the 
period of applicant delay, which is 0 days as determined by the Defendant. 

21. Accordingly, the correct patent term adjustment under 35 U.S.C. § 154(b)(1) and 
(2) is 576 days, which is the difference between the total period of PTO delay (576 days) and the 
period of applicant delay (0 days). 



5 
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22. Moreover, Defendant's determination that the period of the patent term 
adjustment for the '493 patent is only 422 days is in conflict with this Court's decision in Wyeth 
v. Dudas, 580 F. Supp. 2d 138 (D.D.C. 2008), which explains the proper method for calculating 
patent term adjustments under 35 U.S.C. § 154(b). 

WHEREFORE, Plaintiff respectfully prays that this Court: 

A. Issue an Order changing the period of patent term adjustment for the '493 patent 
from 422 days to 576 days, and requiring Defendant to alter the term of the '493 patent to reflect 
the 576 day patent term adjustment; and 

B. Grant such other and further relief as the nature of the case may admit or require 
and may be just and equitable. 

Dated: November 27, 2009 Respectfully Submitted, 




Andrew R. Kopsidas, Batf No. 476237 \ 
kopsidas@fr.com 



FISH & RICHARDSON P.C. 
1425 K Street, N.W. 



Washington, D.C. 20005 
Telephone: 202-783-5070 
Facsimile: 202-783-2331 



Attorneys for Plaintiff CEPHALON 
FRANCE 
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ABSTRACT 



The invention relates to a process for preparing modafinil 
having a defined granulometry which comprises the steps of: 
a) preparing a solution of DMSAM; b) contacting the solution 
obtained with NH3 at a predetermined temperature and a 
predetermined stirring; and c) isolating the modafinil formed, 
wherein said temperature and said stirring are predetermined 
in order to obtain said defined granulometry. 

31 Claims, No Drawings 
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MODAFINIL SYNTHESIS PROCESS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

5 

lhis application represent entry into the U.S. national 
phase of International Application No. PCT/ IB 2004/001 409, 
filed May 5, 2004, which in turn claims priority of European 
Application No. EP 03 291 152.1, filed May 16, 2003. 10 

FIELD OF THE INVENTION 

The present invention is directed to a process for preparing 
modafinil having a defined granulometry. 

BACKGROUND OF THE INVENTION 

Modafinil (C l5 H l5 N0 2 S) of formula I. 2-(benzhydrylsul- 
phinyl)-acctamidc, is a synthetic acctamidc derivative pos- 
sessing wakefulness -promoting activity, whose structure has 
been described in U.S. Pat. No. 4,177.290 and whose racemic 
form has received the approval of the registration authorities 
for use in the treatment of narcolepsy. 

(D 




Example 1 (scheme 1) of U.S. Pat. No. 4,177,290 (Lafon) 
describes a process for preparing modafinil which comprises 
reacting bcnzhydrylthioacetic acid with thionyl chloride in a 
first step. The acid chloride obtained is then reacted with 
ammonia to give the corresponding acetamide. Finally, in a 
last step, the sulphur atom of this intermediate is oxidized in 
the presence of hydroperoxide in acetic acid to give modafi- 
nil. 



Schtiuc_l 




B2 

2 



-continued 




The drawback of this process is that the step of oxidizing 
the sulphur of the 2-[(diphcnylmcthyl)thio)acctamide inter- 
mediate in the presence of hydrogen peroxide is difficult to 
control and may lead to the formation of a sulphone by- 
product (II) which is difficult to separate from the modafinil. 



30 



35 




40 

Patent application WO 02/10125 (TEVA) describes a pro- 
cess for preparing modafinil which takes the same kind of 
approach. In this application, however, the step of oxidizing 

45 the sulphur of the 2-[(diphenylmethyl)thio]acetamidc is car- 
ried out using hydrogen peroxide in the presence of a mineral 
acid such as H 2 S0 4 , HC10 4 or H 3 P0 4 and a linear, branched 
or cyclic alcohol or a phase transfer catalyst, optionally in an 
inert organic solvent. 

50 According to the authors these conditions are particularly 
suitable lor the oxidation of sterically hindered sulphides 
such as modafinil and allow the oxidation step to be con- 
trolled and in particular the formation of the sulphone by- 

S5 product (II) to be avoided. 

Example la of U.S. Pat. No. 4,177,290 (scheme 2) pro- 
poses a quite different approach for the industrial-scale prepa- 
ration of modafinil. Thus the oxidation of the sulphur atom of 
bcnzhydrylthioacetic acid in the presence of hydrogen per- 

60 oxide takes place in the first step. The intermediate obtained 
is then converted to the methyl ester, i.e. methyl diphenylm- 
ethylsulphinyl-acetate (DMSAM), by reaction with dimethyl 
sulphate. Finally, after gaseous ammonia has been bubbled 

65 into a methanolic solution of DMSAM for one hour, the 
reaction mixture is left in contact for four hours. The modafi- 
nil thus obtained is isolated and recrystallized in two stages 
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S cheme ? 




This preparation process, however, has drawbacks. In par- 
ticular it involves a plurality of steps of recrystallization of the 
modafinil obtained, and presents a mediocre yield. 

U.S. Pal. No. 4,927.855 (Lafon) describes the synthesis of 
levorotary modafinil by reaction of a 0.3 mol-L" 1 solution of 
(-)-DMSAM with ammonia at ambient temperature. Follow- 
ing recrystallization, however, the levorotary modafinil is 
obtained with a modest yield. 

Studies have shown, moreover, that the panicle size of the 
modafinil has a great influence on the pharmacological effi- 
cacy of the compound. 

Thus, according to application WO 96/ 11 001 (Cephalon), 
small modafinil particles induce an increase in the pharma- 
cological efficacy of modafinil, probably by promoting its 
absorption as compared with larger particles. 

In that context the said application describes pharmaceu- 
tical compositions comprising a homogeneous mixture of 
modafinil particles of defined granulometry (mean (2 to 19 
urn), median (2 to 60 urn)). These particles are obtained after 
grinding of the modafinil prepared by the conventional meth- 
ods, in order to reduce the size of the particles or aggregates, 
followed by screening of the resultant particles to give a 
defined particle size distribution. 

Furthermore, racemic modafinil can be obtained in differ- 
ent polymorphic forms or in the form of a mixture of these 
polymorphs, depending on the operating conditions 
employed (WO 02/1 01 25 (TEVA)) 
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Since the various polymorphs of modafinil may present 
very different physical, pharmaceutical, physiological and 
biological properties it is important to have available a prepa- 
ration process which allows one single polymorph to be 
5 obtained with simplicity and rapidity. 

SUMMARY OF THE INVENTION 

One of the aims of the present invention is to provide a 
io process which allows modafinil to be obtained directly in the 
form of particles of defined granulometry. 

Another aim of the present invention is to furnish a process 
which allows modafinil to be obtained in a single polymorph. 
This process makes it possible in particular to obtain selec- 
ts tively different polymorphs of modafinil. 

A further aim of the invention is to furnish a process which 
allows modafinil to be obtained directly, without a subsequent 
purification step, in a purity of morcthan 99.5% and with high 
yields. 

20 

DETAILED DESCRIPTION OF THE INVENTION 

The existence has now been found of two polymorphs in 
the process of crystallization of racemic modafinil. These two 
25 polymorphs, while being of identical chemical composition, 
possess different crystalline network energies and, conse- 
quently, different solubilities in a given crystallization sol- 
vent. 

More specifically it has been shown that one of the poly- 
30 morphs has a high nucleation frequency and therefore crys- 
tallizes first, for reasons of kinetics. Under equilibrium con- 
ditions this kinetic polymorph tends to disappear to the 
benefit of a second polymorph which is thermodynamically 
more stable. 

35 It has also been found that the polymorphic transformation 
of the kinetic form to the thermodynamic form is accompa- 
nied by a change in the granulometry of the modafinil 

The kinetic and thermodynamic forms of racemic modafi- 
nil will be referred to hercinbelow as forms III and I respec- 

40 tively. These forms are as identified in WO 2004/0 1 4846. It is 
form I which in fact corresponds to the modafinil polymorph 
which has received the approval of the registration authori- 
ties. 

In the course of studies aimed at optimizing the modafinil 
45 manufacturing process, the inventors discovered operating 
conditions which allow both the granulometry of the end 
product and its polymorphism to be controlled and hence 
obviate the subsequent processing steps of the synthesized 
modafinil. 

50 Thus, by mastering the operating parameters employed 
during the process the inventors have shown that it is possible 
to obtain modafinil particles of well-defined polymorphism 
and size. 

Specifically, there are three operating parameters which 
55 allow the particle size distribution of the end product to be 
controlled, and these are: 
the concentration of the DMSAM used as reactant; 
the reaction temperature; and l 
the stirring speed. 
60 In practice, one of the three parameters, for example the 
concentration of the DMSAM solution, is fixed in a first phase 
and the two other parameters, i.e. the temperature and the 
stirring speed, are predetermined as a function of the desired 
granulometry of the modafinil. 
65 The particle size distribution in the sense of the present 
invenliou is defined by the granulomere mean, median, 
mode, and profile. 
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AH particle size measurement (granulometry) techniques More specifically, the invention is directed to a process ibr 

operate on a large number of particles which make up what is preparing modafinil which comprises the steps of: 

called a "population". The population is divided into size a) preparing a solution of DMSAM in a solvent; 

classes (on the abscissa) and their- relative proportions arc b ) contacting the solution obtained with NH 3 at a predeter- 

expressed as a frequency (on the coordinate). 5 mined temperature and under a predetermined stirring; and 

The term "granulomere mean" in the sense of the present c) isolaling lhe modafmi i rormet j, 
description denotes the sum of the measured sizes ot the 

measurable modafinil particle population divided by the total wherein said temperature and said stirring are predetermined 

number of particles measured. For example, for five measur- in order to obtain said defined granulometry. 

able particles found by measurement to have diameters 10 The process of the invention is directed preferably to the 

respectively of 20 um, 23 um, 20 urn, 35 fira and 20 urn the preparation of racemic modafinil from racemtc DMSAM. 

mean diameter would be 23.6 um. ^ concerjtration of lhe DMSAM solution exerts an influ- 

Die "granulomere mode" denotes the most frequent par- ence over me g^iom^ of me mo daflnil obtained by this 

tide size value in the distribution. For example, for the five process 

particles listed above, the mode would be 20 um. A distribu- 15 - . . . 

tion may have a single mode orseveral modes. Accordingly, * *K * 6 '7,k tem P eratur ! a " d s ' irn "8 

■ t , . t , j speed, the greater the dilution of the medium, the higher the 

a distnbution which has a single granulometnc mode is r , . ,. , . , c . . , „ °^ t 

j i » , - ... , . . . granulometnc median oi the modannil obtained. Converselv, 

monomodal. A distribution possessing two granulometnc T «• , 

a a ♦ u u -~ a 1 me greater the concentration of the medium, the more the 

modes is said to be bimodal. , . ,. .„ 4 . , 

., M , «• • » r 4 . „ „ granulometnc median will tend to reduce. 

Ilie granulometnc median in the sense of the present 20 * 

description corresponds to the equivalent diameter for which In P^ctice, the concentration of the DMSAM solution is 

the cumulative distribution value is 50%. In other words this fixcd at a level close 10 ^ saturation concentration of 

signifies that 50% of the measurable particle population mea- DMSAM in the solvent in question but not greater than that 

sured have a particle diameter lower than the median diameter concentration, so as to prevent the reaction medium sohdify- 

defined and that approximately 50% of the measurable par- 25 m %' 

tide population measured have a diameter greater than the m tms context, the solution of DMSAM has a concentra- 

median diameter defined For example, for the five particles "°n of DMSAM of between 1 and 1 .25 mol L" 1 . 

listed above, the median diameter would be 20 um. The reaction of the process claimed herein is carried out in 

In the sense of the present description the "granulomere a suitable solvent which may be readily selected by one 

profile" relates to the distribution of the particle sizes as a 30 skilled in the art, the suitable solvent generally being any 

function of their relative proportion and allows the number of solvent which is substantially non reactive with the starting 

populations of particles to be defined. materials, the intermediates and products at the temperature 

The median measurement is generally considered as hav- and pressure at which the reaction is carried out. 

ing greater importance compared to the mode or mean values The suitable solvent preferably belter solubilises the reac- 

in that the median value provides an indication of the distri- 35 tants, DMSAM and NII 3 , than modafinil. 

bution of the particles measured in a given population Such so Jvents include notablv polar protic solvents. 

In general terms, the inventors have shown that, for a given Suitab]e |af jnc]ude a , coho)s such ag 

concentration and at constant temperature, a high stirring , { _ h , akoh 

speedpromotestheformationoftwoparticlepopulationsand a , cohol meXh ^lanol, ethoxy ethanol, pentanol, neopen- 

tends to lower the granulometnc median. 40 , , alcohol lohexanoI eth , ene , F co , 

■ Conve J el y^ propylene glycol, benzyl alcohol, phenol and glycerol, 

ring speed, a high reaction temperature greater in particular memanol ^ {cncd 

than 24° C, promotes a bimodal granulometnc profile and IIVIII „ , . ... 
brings about the growth of the population of particles which NH ? • as used . her * m ' ma >' rele [ l u ° & SGOUS or ^ Uld 
are greater in size and, consequently, an increase in the value 45 amm0 ™> ammonium hydroxide and, by extension, to any 
of the granulometnc median. A lower reaction temperature c ™P 0Und ca P ablc of generating ammonia in the reaction 
(T<24« CO, on the other hand, tends to promote a more m,xture > « azeous ammoma be,n « P referred ' 
uniform (monomodal) granulometric profile and a higher By virtue of the adjustment of the parameters of tempera- 
mode, which may be accompanied by an increase in the ture and stirring speed in step b) the process of the invention 
granulometric median. 50 nia ^ es il possible, for a fixed concentration, to obtain batches 

The inventors have in fact demonstrated that mastery of the of modafinil of specific granulometry whose respective medi- 
lemperalure and stirring speed in the reaction of DMSAM ans ma y ^ between 1 um et I mm, in particular between 1 
with ammonia allows the polymorphic transformation, in this and 900 Mm. 1 and 700 um, 1 and 500 um, 1 and 300 um, 1 and 
case the conversion of form III to form I, and the granulom- 200 V™* 311(3 preferably between 2 and 60 um, more prefer- 
ence profile of the modafinil, to be controlled 55 ab, y between 1 5 and 45 um. 

The object of the present invention is therefore to provide In practice, given the desired granulometry, the tempera- 

a process for preparing modafinil particles of defined and ture can be set prior to the stin-mg speed and the stirring speed 

controlled granulometry and polymorphism, starting from adapted accordingly, or conversely. Thus, temperature and 

DMSAM. stirring speed both determine the granulometry obtained. 

As used herein, the term "having a defined granulometry'*, oo The temperature may vary from room temperature up to the 
when used in reference to modafinil, is understood as an higher temperature at which the formation of modafinil par- 
homogeneous particle size distribution. While not necessarily tides may still be observed in the solvent. In that respect, the 
a limitation but rather an indicator of the consistency of the inventors have evidenced that, in the given conditions of the 
population measured, the ratio of median:mean:mode would reaction, there is a limit temperature above which the solu- 
idcally be 1 : 1 : 1 ; however, a ratio of median to mean of 1 :3 to 65 bility of modafinil becomes too high for allowing particles 
] :0.3 is acceptable, and a ratio of median to mode of 1:3 to formation. It is understood that this limit depends notably on 
1 :0.3 is acceptable. the nature of the solvent. 
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The temperature is chosen sufficiently high to promote the 
kinetic of the reaction of DMS AM with NH 3 , and not too high 
so that the inodafinil has a poor solubility in the solvent. 

The temperature in step b) is preferably maintained 
between 1 5 and 65° C, more preferably between 20° and 30° 5 
C, and most preferably between 23° and 27° C. 

It should be noted that the stirring speed appropriate to the 
realization of the invention may vary in particular as a func- 
tion of the geometry and size of the reactor and of the type of 
stirring element. 10 

It will therefore be appropriate for the person skilled in the 
art to determine the stirring speed as a function of the equip- 
ment employed (particularly as a function of the limits of the 
apparatus and the scale of operation) and of the desired granu- 
lometry, taking into account the indications provided by the 15 
present invention. 

In one particular embodiment, the stirring speed in step b) 
makes it possible to obtain particles of modafinil form I with 
a granulomere median ranging from 2 to 60 um, more pref- 
erably from 1 5 to 45 urn. 20 

By way of example, in order to obtain batches of modafinil 
with a granulomere median of between 2 and 60 um. for a 
DMS AM solution close to saturation and for a temperature of 
25° C. with a reactor of type AE 100 (De Dietrich) with a 
capacity of 1 00 liters, equipped with a three-branched stirring 25 
element of the impeller type, preference will be given to a 
stirring speed of between 125 and 1 75 rpm, more preferably 
150rpm. 

The impeller stirrer here denotes a stirring element having 
three branches which is characterized by the following 30 
dimensionless parameters in turbulent regime: power number 
Np=0.5; flow number Nq=0.29; Nusselt constant A=0.36. 

In another example, with a reactor of type Simular (HEL: 
Hazard Evaluation Laboratory) having a capacity of one liter 
and for a DMSAM solution close to saturation and for a 35 
temperature of 25° C, it is preferred to operate with a stirring 
speed ranging from 300 to 400 rpm, more preferably 350 rpm, 
to give batches of modafinil particles whose granulomere 
median is between 2 and 60 um. 

The solution of DMSAM is contacted with 3 to 6, more 40 
preferably 3.2 to 5, and most preferably close to 3.6 molar 
equivalent of NH 3 . 

Generally, the process is carried out with gaseous ammo- 
nia. This can be introduced in particular using conventional 
devices which allow the ammonia to be bubbled into the 45 
reaction medium. It has additionally been noted that, in the 
absence of mechanical stirring, bubbling alone does not have 
any effect on the granulometry of the modafinil. 

The NH, is introduced into the solution in step b) over a 
time sufficient to obtain a complete dissolution of NH 3 , pref- 50 
erably of between 2 h and 6 h, more preferably of between 3 
h and 4.5 h. 

As used herein, a "complete dissolution", when used in 
reference to NH 3 , means a dissolution of 95% to 1 00% of the 
amount of ammonia gas introduced, more preferably superior 55 
than 98% and most preferably superior than 99%. 

Incomplete dissolution of the ammonia in the reaction 
medium is liable to have an adverse effect on the yield of the 
reaction and on the purity of the product obtained. 

Modafinil is then obtained in form III, in particular with a 60 
monomodal granulomere profile. The modafinil may 
optionally be isolated in this polymorphic form by proceed- 
ing to step c) directly. 

The process of the invention therefore allows the prepara- 
tion of modafinil form III, monomodal in particular. 65 

In one preferred embodiment, following the introduction 
of the NH 3 , the solution in step b) is contacted at the prede- 
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termined temperature and at the predetermined stirring speed, 
for a lime sufficient to allow the polymorphic trans format ion 
from form III to form I. 

It is preferred to employ a contact time of between 8 h and 
12 h. 

The median is then lower in value than that obtained at the 
end of introduction of NH 3 . 

The process of the invention therefore allows the prepara- 
tion of modafinil form I. 

In a preferred variant, the solution obtained after step b) is 
further maintained at a temperature lower than the tempera- 
ture of step b), preferably between -20° C. and 0° C, for a 
period sufficient to obtain complete crystallization of modafi- 
nil, and preferably of from 1 h to 4 h. 

As used herein, a "complete crystallization" means when 
used in reference to modafinil, a crystallization of 85% to 
100% of the amount of modafinil formed in solution, more 
preferably superior than 90% and most preferably superior 
than 92%. 

The modafinil particles are advantageously isolated from 
the solution by filtration in step c) and then are generally 
subjected to a drying step, preferably at a temperature of 
between 40 and 50° C. 

This process may also be implemented in the presence of 
water. 

Thus, in one particular embodiment, the polar solvent in 
step a) of the process comprises water, preferably from 5 to 
20% by volume of water. 

In this context, theNH 3 is introduced into the solution over 
a time preferably of between 4 h and 5 h in step b). 

In this particular variant, the DMSAM solution is prefer- 
ably contacted with 5 to 5.5 molar equivalent of NI1 3 . 

Specifically, the temperature and the stirring speed of the 
reaction medium in step b) have a much more sensitive influ- 
ence on the granulometric median in the process with water. 

Advantageously, the process of the invention allows the 
granulomere profile of the modafinil obtained to be con- 
trolled by way of a mastered polymorphic transformation. 

Interestingly, the process of the invention makes it possible 
to obtain a single polymorph without the need to carry out a 
recrystallization following step c). 

Thus, the form III obtained as an intermediate at the out- 
come of step b) may either be isolated directly or maintained 
in contact with ammonia for a period sufficient to give form I, 
which is then isolated. 

Advantageously, the process of the invention makes it pos- 
sible to obtain, without any subsequent step of either grinding 
or screening, particles having controlled granulomere medi- 
ans, depending on the operating conditions employed. 

It is possible, of course, to carry out a subsequent grinding 
step in order to reduce still further the size of the particles 
obtained by the process of the invention and thus to obtain 
nanometer-sized particles. 

In particular, the process allows the simple and straightfor- 
ward preparation of batches of particles of modafinil form 1 
which have specific granulomctric medians, preferably of 
between 2 and 60 um, in particular between 1 5 and 45 um. 

In one preferred embodiment, the predetermined stirring 
and temperature are chosen such that particles of modafinil of 
form I of which at least 50% have a diameter less than 45 um, 
at least 80% have a diameter less than 1 1 0 um and at least 95% 
have a diameter less than 220 urn, are isolated in step c). 

The process of the invention, illustrated in specific fashion 
in the foregoing text by the preparation of racemic modafinil, 
may also be applied to the preparation of levorotary modafi- 
nil. The latter is described in particular in U.S. Pal. No. 
4,927,855, and has been identified as displaying the absolute 
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configuration R. In this context, the DMSAM is employed in 
step a) in its levorotary enantiomeric form, which may be 
prepared in particular in accordance with U.S Pat. No. 4,927, 
855. 

The process of the invention may also be applied to the 5 
preparation of dextrorotary modafinil. In this context, the 
DMSAM is employed in step a) in its dextrorotary enantio- 
meric form, which may be prepared in particular in accor- 
dance with U.S. Pat. No. 4,927,855. 

The invent iou is also directed to modafmil obtainable by 10 
this process, which has been showed to display characteristic 
and reproducible particle size distribution and impurity pro- 
file 

EXAMPLES 15 



Apparatus and Methods 

Laser diffraction granulometer, Beckman-Couller model 
LS100: 

0 4 urn to 800 uni in one analysis 
72 particle size classes 
126 detectors 
used dry 

I. Modafinil Synthesis Process with Water 
A. 1 -Liter Scale 



A standard experiment was desired in order to obtain a final 
granulometric median which was situated in the range 1 5-45 
urn and thus to constitute a zero point of comparison for the 
subsequent experiments. 

This search then culminates in the following conditions. 

reaction temperature T=25° C, 

stirring speed SS=350 rpm, 

ammonia introduction time t=4.5 h. 

Under these conditions the granulometric median 
obtained, G, was 34 um. 

This standard experiment was then repeated in order to 
assess its reproducibility: that was. three experiments con- 
ducted at T=25° C. (including 2 experiments with regulation ' 
via the temperature of the mass and one experiment with 
regulation via the jacket temperature), SS^350rpm, and t~4.5 
h. 

Identical results were obtained within a 3 um band and with 
similar granulometric profiles. 



20 



25 





Temperature 


Granulometric 






Experiment 


regulation 


median G 


95% C F. 


% < 220 um 


H980503 


Mass 


34. 14 jim 


0-171 


98.1 


H9M504 


Jacket 


34.09 um 


0-174 


98.3 


H980505 


Mass 


31.31 um 


0-160 


98 9 



Example 1 
1 -Liter Scale Procedure 

A 1-liter reactor of type SIMULAR (Hazard Evaluation 
Laboratory, HEL) equipped with an impeller stirrer and a gas 
introduction tube was charged with 1 50 g of DMSAM, 450 ml 
of methanol and 33 mL of water. The suspension was stirred 
at lOOrpm and 20° C. for 10 min and then heated to 35° C. to 
dissolve the solids. The solution was subsequently stirred at 
200 rpm for 10 min, then cooled to 25° C and stirred at 350 
rprri and at this temperature for 20 min. 

46.8 g of ammonia were then introduced over 4.5 h at 25° 

C. 

The reaction medium was left in contact for 10 h at 25° C. 
with stirring at 350 rpm before finally being cooled to -1 0° C. 
and then filtered over a frit of porosity 3. 

The moist product was then dried under vacuum at 45° C. 

Yield=89%, mediaii=34.1 um. 

Examples 2 to 5 

Effect of temperature and Stirring Speed on 
Granulometry 



30 



35 



40 



CF: Confidence interval represented 

These conditions therefore represented the standard 
experiment which could be used as a basis for any compari- 
son. The reproducibility of the reaction system (apparatus* 
synthesis) was also assured. Furthermore, these experiments 
demonstrated the minor role of the choice of the control of 
temperature in this process: mastery of the crystallization 
exotherm was therefore not critical for the final granulometric 
result. 

Example 3 
Study of the Effect of Stirring Speed 



'111 is parameter was varied in order for its influence on the 
particle size distribution to be assessed. Two values situated 
45 on either side of the value found in the standard experiment 
were selected, the other parameters being kept at their stan- 
dard value. 

The results obtained were as follows: 



50 



Example 2 

Standard (Zero-Point) Experiment and 
Reproducibility 

Conditions of standard experiment were the same as those 
of example 1. 

The point at which the ammonia was injected, the jacket 
temperature, the cooling rate and the contact time at -10° C. 
were maintained constant during the various experiments, 
since these parameters had little or no influence on control- 
ling the granulometry of the modafinil synthesized 







Median 








Experiment 


Speed SS. 


G 


Mean 


95% C F 


% <220 ^im 


Standard 


350 


33 18 


55-60 1 


CI to 160-174 


98 1-98 9 


H980502 


300 


49 12 


81 48 


Oto 231.8 


94.4 


H9B060I 


400 


28 18 


47.5 


Oto 140.3 


99.4 



CF Confidence interval. 

These results showed that the stirring speed liad a consid- 
m enable influence on the particle size distribution of the product 
obtained. The higher the speed, the lower the granulometric 
median. The particle size curve then showed a second, 
smaller population beyond 60 um. 
Conversely, a lower stirring speed promoted the formation 
65 of large particles. 

Increasing the stirring speed therefore made it easier to 
obtain a low and uniform particle size. 
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Example 4 

Effect of Reaction Temperature 

This factor may be critical for effecting successful synthe- 
sis of modafmil and for the final granulometry, on a number of 
levels: 

eilect on the chemical kinetics of the reaction between 

DMSAM and ammonia, 
effect on the nucleation kinetics of the crystals, by shifting 

the solubility curves and. supcrsaturation curves of 

modafmil in methanol, 
effect on the growth kinetics of the crystals formed. 
As before, two experiments were carried out by varying the 
value of this factor on either side of its standard value, while 
keeping all of the other parameters the same. 
The results obtained were us follows: 





Temper- 


Median 






Experiment 


ature T 


G 


Mean 95%C.F 


% <220 nm 


Standard 


25 


33.18 


55-60.1 Oto 160-174 


98.1-98 9 




23 


33 04 


50 69 Oto 139 8 


99.8 


H980507 


27 


42 64 


69.71 Oio 191.4 


97.3 



CF Confidence mlerval 



At 23° C, although the value of the median was close to 
that obtained at 25° C, the granulomere profile was differ- 
ent- the second population beyond 60 u.in was more attenu- 
ated, so making the distribution more Gaussian. 

Conversely, the results obtained at 27° C. featured both a 
higher granulometric median and a much larger second popu- 
lation. 

Reducing the reaction temperature therefore made it easier 
to obtain a low and uniform particle size. 

Example 5 

Combination of the Effects 

The above experiments showed that the increase in the 
stirring rate and the decrease in the reaction temperature were 
two favourable parameters, in isolation, for obtaining par- 
ities of low size and uniform distribution. 

The combined infiuence of these two parameters on the 
final granulometry of the modafinil was studied. For this 
purpose a last experiment was conducted under the following 
conditions: 

reaction temperature T=23° C, 
'stirring speed SS=400 rpm, 

ammonia introduction lime 1=4.5 h. 

llie curve obtained showed the following characteristics: 

median=32. ( J2 urn, 

mean=42. 1 1 urn, 

95%C.F.=0to 106.6 um, 

%<220 um=lU0. 

The particle size distribution was highly uniform and the 
median is very satisfactory. 

Conclusions: 

These experiments demonstrated two critical operating 
parameters and their effects, namely: 

the reaction temperature T: decreasing it allows a low and 
uniform particle size to be obtained. 

the stirring speed SS: increasing it allows a low and uni- 
form panicle size to be obtained. 
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These two parameters vary in isolation or combination to 
give batches of uniformly low, medium or high specific par- 
ticle size. By way of example, batches whose median is 
between 2 and 60 um, 60 and 1 20 um, 1 20 and 200 um, 200 
and 300 um, 300 and 500 um, 500 and 700 um, 700 and 900 
um can be prepared in this way. 
B. 100-Liter Scale 

Example 6 

10 

100-Liter Scale Procedure 

A pilot-scale reactor of type AE 100 (De Dietrich) with a 
capacity of 100 liters, equipped with an impeller stirrer (De 
1 5 Dietrich) and a gas introduction pipe, was charged with 1 5 kg 
of DMSAM, 45 liters of methanol and 33 mL of water. The 
suspension was stirred at 100 rpm and 20° C. for 1 0 min and 
then heated to 35° C. to dissolve the solids. The solution was 
subsequently stirred at 1 50 rpm for 1 5 min, then cooled to 25° 
20 C. and stirred at 1 50 rpm at this temperature for 30 min. 

4.68 kg of ammonia were then introduced over 4.5 hat 25° 

C. 

The reaction medium was left in contact for 10 h at 25° C 
with stirring at 150 rpm before finally being cooled to -10° 
25 C, and was then drained and clarified with 20 liters of ice- 
cold methanol. 

The moist product was then dried under vacuum at 45° C. 

Yield=87%, median=46.6 urn. 

30 Examples 7 to 9 

Study of the Operating Parameters 
Example 7 

35 

Standard Experiment (Zero Point) and 
Reproducibility 

In order to assess the reproducibility of the process on the 
40 pilot scale, three experiments were carried out under identical 
conditions, which were defined as "standard" for the remain- 
der of the study: 
T=25 n C, 
SS=150 rpm. 
45 t-4.5h, • 

regulation via the temperature of the mass, 
D=12nv7h. 

The results obtained were as follows: 





• Gramiloincfric 


Number of 


Most well- 


Kxprriment 


mcriimi 


populations 


defined mode 


P9 80907 


46.6 um 


2 


27.6 um 


P981O03 


51 2um 


2 


22.28 um 


P981004 


49 9 (im 


2 


22 28 |un 



This gave the following definition of a standard experi- 
60 ment, on the basis of the calculated means: 



Standard 49.2 um .2 24 um 

65 ————————— 

The reproducibility of the process on the pilot scale ( 100 L) 
was therefore verified, since the results obtained were homo- 



Case 1:09-cv-02256-RBW Document 1 Filed 11/27/09 Page 15 of 18 



US 7,5' 

13 

geneous. These conditions represented the standard experi- 
ment which served as a basis for any comparison in the 
remainder of the study. 

Example 8 
Study of the Effect of Stirring Speed 

In order to verify the significance of this parameter, experi- 
ments were conducted at two different stirring speeds: 100 
rpm and 1 50 rpm (standard value). The other parameters were 
held at their standard value. 

fne results obtained were as follows: 









Number of 


Experiment 


Speed SS 


Median G 


populations 


Standard 


150 


49 2 pm 


2 


P980906 


100 


119 3 um 





The effect of this parameter on the granulometry of the end 
product was identical to that demonstrated at the 1 -liter scale: 
increasing the stirring speed made it easier to obtain a lower 
median. 

bxample 9 



Study of the Effect of Reaction Temperature 

The reaction temperature was demonstrated to effect the 
results on the laboratory scale. In order to verify it on the pilot 
scale, three experiments were conducted by varying the value 
of this factor either side of its standard value, all of the other 
operating parameters being kept the same. 

The results obtained were as follows: 







Me- 


Number 


Most 






Temper- 


dian 


of popu- 


well-defined 




Experiment 


a run: T 


G 


lations 


mode 


% <220 pm 


P980908 


23 


48 9 


1 


47 2 


99.1 


P981006 


24 


52.9 


2 


22.8 


90.3 
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Me- 


Number 


Most 






Temper- 


dian 


of popu- 


well -defined 




Experiment 


ature T 


G 


lar orw 


mode 


%<220 ftm 


Standard 


25 


49 2 


2 


24 


89 8 


P98I001 


26 


70.1 


2 


24 


81.5 



io These results were identical to those obtained on the labo- 
ratory scale ( 1 liter): increasing the reaction temperature gave 
rise to the growth of a second population of larger particles 
and, consequently, an increase in the value of the median. 
Conversely, a lower reaction temperature (T<24° C.) made 

15 it possible to obtain a more uniform granulomere profile. 
The granulometric mode, however, was then higher, which 
could have consequences for the median (where there was a 
possibility of increase since the median and the mode merge 
in the case of a perfectly Gaussian profile). 

20 In any case, in order to obtain a granulometric median in 
accordance with the specifications it would be necessary to 
raise the stirring speed to 175 rpm. 

As in the preceding example, on this pilot scale, the granu- 
lometry' depended on the initial definition of two parameters: 

25 temperature and stirring speed Batches of finished product 
with specific and uniformly low, medium or high particle size 
whose mean or median was centred on a value between the 
limits 1 urn and 1 mm could be obtained. 

30 Example 10 

Additional Study on the Crystallization 

In order to complete the study on the control of the particle 
35 size distribution of the end product and in order to gain a 
better understanding of the crystallization phenomenon 
involved in this process, samples of the reaction medium were 
taken during various experiments. These samples, taken 
either at the end of the exotherm produced by the crystal liza- 
40 tion (and indexed (EX)) oral the end of the 1 0 hours of contact 
with ammonia, isolation and drying (and indexed EP for end 
product), were subjected to a particle size analysis and to a 
crystalline analysis by X-ray scattering. 



Number 









S 


Mode 


Median 


Mean of 




No. 


Entry 


T°C. 


(rpm) 


(pm) 


(pm) 


{>im) populations 


Polymorph 


1 


H9809O7 hX 


25 


ISO 


2)1.6 


143 9 


144 4 1 


III 


2 


P980907 EP 


25 


150 


27 61* 


46 65 


69.94 2 


I 


3 


P980908 EX 


23 


150 


170 8 


147 7 


1383 1 


111 


4 


P980908 EP 


23 


150 


47 19* 


48 91 


61 42 1 


J 


5 


P98100! EX 


26 


150 


235 6 


222 1 


215 4 1 


111 


6 


P981001 EP 


26 


150 


24* 


70 13 


111.5 2 


I 


7 


P981002 EX 


25 


150 


211.6 


193.1 


188.8 1 


III 


8 


P981002 HP 


25 


150 


22 3* 


68 06 


101 9 2 


1 


9 


P981003 EX 


25 


150 


262.3 


243.1 


233 3 1 


III 


10 


P981003 EP 


25 


150 


22.28* 


51.23 


101 2 2 




11 


P981004 EX 


25 


150 


291.9 


255 1 


246 0 1 


III 


12 


P9810O4 EP 


25 


150 


22.3* 


49 93 


99 54 2 




13 


P981005 EX 


25 


150 


190.1 


1803 


1765 1 


III 


14 


mi 005 EP 


25 


150 


22 3* 


48 56 


94 80 2 


I 


15 


P9810U6 EX 


24 


150 


190.1 


178 1 


173 3 1 


III 


16 


P981006 EP 


24 


150 


22 8* 


52 87 


9003 I 


I 


17 


P981007 EX 


25 


150 


190.1 


189 9 


183.9 1 


ill 


18 


P981007 EP 


25 


150 


22.3* 


46 90 


98 63 2 


I 



*Most well-defined mode 
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These results showed that, at the end of the introduction of The reaction medium was left in contact for 10 h at 25° C. 
ammonia, which corresponds in fact to the end of the exo- with stirring at 100 rpm before finally being cooled to -10° 
therm produced by the crystallization of the modafinil, the C. and then was drained and clarified with 40 liters of ice- 
samples were characterized by: cold methanol. 

a high granulomere mode, greater than 1 70 ^m: * moist pr0 duct was then dried under vacuum at 45° C. 

a single population; and Yield=89.5%, median=27 um. 

a single polymorph (fll), corresponding to the kinetic form 

of modafinil. II. Modafinil Synthesis Process without Water 

The samples corresponding to the end product were char- l(J A. 1 -Liter Scale 
acterized by: 

a much lower granulomere median (<60 um); and Example 1 2 

a single polymorph I which in fact corresponds to the 

thermodynamic form of modafinil. 1 -Liter Scale Procedure 

It was verified, moreover, that the polymorph obtained at 15 

the end of the 10 hours of contact with ammonia was indeed A I -liter automated reactor of type SIMULAR (Hazard 

identical to that of the end product EP. ' Evaluation Laboratory, HEL) equipped with an impeller stir- 

, , . ! rer and a gas introduction tube was charged with 240 g of 

Complementary Analyses: mn 6 , ^ n , . , , _ e fc , 

. . . «. ■ « * « • | , DMSAM and 720 ml of methanol. The suspension was st jrred 

A complement analysts to chst.ngu.sh the particles and 2(1 ^ 2Q0 for mjn ^ healed 3SO 

the agglomerates present in the samples, was carried out on , , »•_. ^ i v .i j 

l > nno n A1irv nnomm(n . ,. n , ♦ *\ j disso ve the solids. 7 tie solution was subsequently stirred at 

the powders P981003/EX, P98l 003/02 (10 h contact) and _ . . . . , cor 1 , / . - CA 

P981 003/PF 200 rpm for 1 5 min, then cooled to 25° C. and stirred at 350 

. . . . ~~ , „ . . . , , HP™ and at tliis temperature lor 30 min. 

In the sample P981003/EX all the particles are larger than e „ n . . . 
63 pJii. Theaoalysis indicated form III. 25 50.9 g of ammonia were then introduced over 3 h 10 mm at 

For the samples P98I003/02 and P981003/PF. two analy- ~ 
ses were carried out: 

on the fraction smaller than 40 um (theoretically devoid 
of agglomerates), and 

. - . . Ant y . . 30 The moist product was then dried under vacuum at 45° C 

on the fraction laraer than 40 um (theoretically contain- r 

ing a large portion of agglomerates). Yield=94.9% : median=33.9 um. 

The results showed that two fractions had the same crys- Advantageously it was possible to work with only 3.6 
talhne structure and that there were no agglomerates. equivalents (and not 4.0) of NH 3 , added at the same flow rate, 

. nAn,AA,/rv i ac r i while retaining a granulometric median and a granulometric 

Sample P981004/EX was also assayed for traces of sol- 35 u - u • " ^ a. ■« 

. r , ... .... ' r in ■ i profile which were in accordance with specification. 

vents in order to verify if the crystalline form III had come 1 1 
about as the result of the appearance of a solvate or hydrate. B. 1 00-Liter Scale 

The results observed were as follows: 



The reaction medium was left in contact for 10 h at 25° C. 
with stirring at 350 rpm before finally being cooled to -10° C. 
and then filtered over a frit of porosity 3. 



40 



Water content 0 105%m/m 

Meihanol content 0 14% m/m 



Example 1 3 
100-Liter Scale Procedure 

A reactor of type AE 100 (Dc Dietrich) with a capacity of 

100 liters, equipped with an impeller stirrer (De Dietrich) and 
The low content figures obtained in this analysis allowed 45 a gas introduction pipe, was charged with 24 kg of DMSAM 
the hypothesis of a solvated or hydrated form to be refuted. and 72 liters of methanol. The suspension was stirred at 150 
The polymorph 111 observed corresponded to a crystalline rpm and 20° C. for 10 min and then heated to 35° G to 
structure intrinsic to the product alone. dissolve the solids. The solution was subsequently stirred at 

The results obtained at the 100-liter scale provide qualita- 150rpmfor 15 min, then cooled to 25° C and stirred at 150 
tive confirmation of all the results obtained at the laboratory 50 ^ m at temperature tor 30 nun. 

scale ( 1 L). 5 - 1 k S of ammonia were then introduced over 3 h 10 min at 

C 2500-Liter Scale 25 ° C 

The reaction medium was left in contact for 10 h at 25° C. 
Example 1 1 wiln stir ring at 1 50 rpm before finally being cooled to -10° 

5 * C. and then was drained and clarified with 20 liters of ice- 
2500-Liter Scale co,d methanol. 

The moist product was then dried under vacuum at 45° C. 
A reactor of type BE 2500 (De Dietrich) with a capacity of Yield-91 .6%, median-34.4 um. 
2500 liters, equipped with an impeller stirrer and a gas intra- 

duction pipe, was charged with 250 kg of DMSAM, 750 liters Example 1 4 

of methanol and 55 liters of water. The suspension was stirred 

at 100 rpm and 20° C. for 10 mm and then heated to 35° C. to Effect of Stirring Speed 

dissolve the solids. The solution was subsequently stirred at 

100 rpm for 35 min, then cooled to 25° C. and stirred at 100 65 pj vc experiments were carried out, three of them in accor- 
rpm at this temperature for 30 min. dance with the protocol conditions (stirring speed at 150 rpm, 

78kgofammoniawerethen introducedover4.5hat25°C. 3.6 eq. NH 3 in 3 vol. MeOH). 
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S (ipm) 


Median (jim) 


Mean (uni) 


PO 1070? KP 


150 


36 13 


54 94 


PU 10703 EP 


150 


34 41 


57 5! 


P0107C6EP 


175 


28.49 


52.79 


PO 10705 EP 


125 


39 34 


H8.99 


PO 10704 


150 


24 55 


49 23 



5 



"Ilie experiments carried out with the stirring speeds of 1 25 
and 1 75 rpm showed that the slower stirring speed of 1 25 rpm 
results in a granulometric median which, although higher 
than that obtained at 1 50 rpm, was nevertheless still in accor- 
dance with specification. 15 

Little or no difference, on the other hand, was observed at 
175 or 150 rpm. 

These experiments satisfied the acceptance criteria, 
namely: 

a yield greater than 90%; 2 o 
a granulometry: 1 5/45 ^im & polymorph I; and 
a DMSAM content of less than 0.3%. 
C. 2500-Liter Scale 

Example 15 25 
Procedure 

A reactor of type Bli 2500 (De Dietrich) with a capacity of 
2500 liters, equipped with an impeller stirrer and a gas intro- 30 
ductionpipe, was charged with 500 kg of DMSAM and 1500 
liters of methanol. The suspension was stirred at 300 rpm and 
20° C. for 10 min and then heated to 35° C. to dissolve the 
solids. The solution was subsequently stirred at 100 rpm for 
35 min, then cooled to 25° C. and stirred at 100 rpm at this 35 
temperature for 30 min. 

106 kg of ammonia were, then introduced over 3 h 10 min 
at25°C. 

The reaction medium was left in contact for 10 h at 25° C. 
with stirring at 100 rpm before finally being cooled to -10° 40 
C, and then was drained and clarified with 80 liters of ice- 
cold methanol. 

Ihe moist product was then dried under vacuum at 45 u C. 

Yield=91%. median=23 urn 

The invention claimed is: 45 

1. Process for preparing modafinil having a defined granu- 
lometry which comprises the steps of: 

a) preparing a solution of DMSAM in a solvent; 

b) contacting the solution obtained with NH 3 at a predeter- 
mined temperature and under a predetermined stirring; 50 
and 

c) isolating the modafinil formed, 

wherein said temperature and said stirring are predetermined 
in order to obtain modafinil having a granulometry wherein 
ihe ratio of median to mean is from 1 3 to 1 :0.3 and of median 55 
to mode is from T3 to 1 :0.3. 

2. Process according to claim 1, wherein the solvent is a 
protic polar solvent. 

3. Process according to claim 2, wherein the solvent is an 
alcohol. 60 

4. Process according to claim 3. wherein the solvent is 
methanol. 

5. Process according to claim 4, wherein the solution of 
DMSAM has a concentration of DMSAM of between 1 and 
1.25 molL" 1 . 65 

6. Process according to claim 1, wherein the temperature in 
step b) is held between 1 5 and 65° C. 
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7. Process according to claim 1, wherein the predetermined 
stirring speed in step b) is chosen such that the modafinil 
isolated in step c) has a granulometric median of between 2 
and 60 um. 

8. Process according to claim 1, wherein in step b), the 
solution of DMSAM is contacted with 3 to 6 molar equivalent 
of NH V 

9. Process according to claim 8. wherein, in step b), the 
solution of DMSAM is contacted with 3.2 and 5 molar 
equivalent of NH 3 . 

10. Process according to claim 1, wherein, in step b), the 
NH 3 is introduced into the solution over a sufficient time to 
obtain a complete dissolution of NH 3 . 

11. Process according to claim 10, wherein, in step b), the 
NH 3 is introduced into the solution over a time of between 2 
h and 6 h. 

12. Process according to claim 11, wherein, in step b), the 
NH 3 is introduced into the solution over a time of between 3 
h and 4 5 h. 

13. Process according to claim 1, wherein, in step b), the 
solution is contacted after the introduction of the NH 3 for a 
contact time sufficient to allow the polymorphic transforma- 
tion of form III to form I. 

14. Process according to claim 13, wherein the contact time 
is between 8 and 12 h. 

15. Process according to claim 1, wherein the solution 
obtained after step b) is further maintained at a temperature 
lower than the predetermined temperature of step b) for a time 
sufficient to obtain complete crystallization of modafinil. 

16. Process according to claim 15, wherein the solution is 
further maintained at a temperature lower than the tempera- 
ture of step b) for a time of from 1 h to 4 h. 

17. Process according to claim 15. wherein the temperature 
is between -20° C. and 0° C 

18. Process according to claim 1, wherein the modafinil is 
isolated in step c) by filtration. 

19. Process according to claim 1, wherein the solvent in 
step a) comprises water, 

20. Process according to claim 19, wherein the solvent 
contains from 5% to 20% by volume of water. 

21 Process according to claim 19, wherein the NH, is 
introduced into the solution in step b) over a time of between 
4 h and 5 h. 

22. Process according to claim 19, wherein, in step b), the 
solution of DMSAM is contacted with 5 to 5.5 molar equiva- 
lent of NH V 

23. Process according to claim 1. which does not include a 
recrystallization step after step c). 

24. Process according to claim 1. which does not include a 
grinding step after step c). 

25. Process according to claim 1, wherein the predeter- 
mined temperature and stirring speed arc chosen such that 
particles of modafinil form I of which at least: 

50% have a diameter of less than 45 urn, and 
80% have a diameter of less than 1 10 um, and 
95% have a diameter of less than 220 urn, are isolated in 
step c). 

26. Process according to claim 1, wherein the modafinil 
isolated in step c) is modafinil form 111. 

27. Process according to claim 1, wherein the mcKlafinil 
isolated in step c) is modafinil form I. 
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28. Process according to claim 1 . wherein modatinil with a 
granulometric median of between I ujii and 1 nun is isolated 
in step c). 

29. Process according to claim 1 , wherein the levorotary 
enanliomer of DMSAM is employed in step a). 

30. Process according to claim 1, wherein the dextrorotary 
enantiomer of DMSAM is employed in step a). 
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31. Process according to claim 7, wherein the predeter- 
mined stirring speed in step b) is chosen such that the modafi- 
nil isolated in step c) has a granulometric median of between 
15 and 45 urn. 



* * * + * 



